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The  occasion  of  a  mass  immunization  campaign  against  polio  using  trivalent 
oral  poliovirus  vaccine  was  used  to  study  the  effect  of  different  sewage 
treatment  methods  on  the  recovery  of  poliovirus  from  sewage  effluent. 
Activated  sludge  treatment  process  was  found  far  superior  to  trickling 
filtration  for  removal  of  virus.  Chlorination  did  not  eliminate  virus 
recovery.  Excretion  of  virus  continued  for  at  least 
56  days  after  vaccination. 
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AN  opportunity  to  compare  the  effect 
lof  two  different  sewage  treatment 
methods  on  the  recovery  of  poliovirus 
from  treated  sewage  effluent  was  pre¬ 
sented  during  a  mass  immunization  pro¬ 
gram  using  trivalent  oral  poliovirus  vac¬ 
cine  in  Lake  County,  Illinois.  The  use 
of  this  immunization  program  provided 
a  model  situation  simulating  the  sewage 
conditions  which  may  exist  during  an 
actual  epidemic  of  these  virus  types. 

The  virus  content  of  sewage  has  been 
the  subject  of  various  reports  and  several 
of  these  investigations  have  indicated 
that  the  activated  sludge  sewage  treat¬ 
ment  process  is  more  effective  in  virus 
removal  than  the  trickling  filtration 
process.1'8  An  opportunity  to  confirm 
these  observations  could  be  made  by  the 
selection  of  two  communities  utilizing 
these  two  sewage  treatment  procedures, 
respectively..  Moreover,  the  effect  of 
chlorination  on  viral  content  of  treated 
effl  lent  before  releaf‘>  could  also  be 
evai  a  ted.: 


The  extent  of  excretion  of  vaccine 
virus  also  could  be  ascertained  by  ob¬ 
taining  serial  samples  of  sewage  after 
immunization.  Since  a  booster  feeding 
of  vaccine  was  made  during  the  follow¬ 
ing  winter,  which  is  normally  regarded 
as  a  period  of  low  poliovirus  detection, 
some  estimates  of  survival  of  virus  dur¬ 
ing  this  season  could  also  be  made. 

Materials  and  Methods 

Trivalent  oral  poliovirus  vaccine*  was 
administered  to  residents  of  Lake 
County,  Illinois,  on  a  voluntary  basis 
on  October  13,  1963.  Among  the  com¬ 
munities  participating,  Community  “A,” 
with  a  population  of  2,400,  of  whom 
1,300  (54.2  per  cent)  were  immunized, 
and  Community  “D,”  with  a  popula¬ 
tion  of  14,300,  of  whom  8,000  (56.0  per 
cent  I  were  immunized,  were  selected  for 
this  study..  Community  “A”  is  served  by 
an  activated  sludge  treatment  plant  with 
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Table  1 — Summary  uf  experimental  condition* 


Community  Community 


"A” 

“D” 

Population 

2,400 

14300 

Number  immunized 

1300 

8,000 

Per  cent  population 

vaccinated 

54.0% 

56.0% 

Treatment  process  at  plant 

Activated  sludge  Trickling  filter 

Daily  flow 

241,000  GPD  1,000,000  GPD 

Retention  time  (total) 

15.0  hr 

6.3  hr 

Discharge  temperature  (avg) 

5P*F 

58*F 

Chlorination: 

concentration 

2  ppm 

0 

contact  period 

45  min 

0 

Phase  I 

Total  precipitation* 

(October  13-November  2) 

0.4  in. 

Temperature*:-  mean 

60.5*  F 

mean  range 

52.8-64.3'’  F 

Phase  II 

Total  precipitation* 

(December  8-17) 

0.68  in. 

Temperature*:  mean 

13.3*  F 

mean  range 

3.4-23.1  °F 

*  Dtu  fro*  US  WMth«r  Burttu,  O’Hvt  Field,  Cbirtfn,  111. 


final  effluent  chlorination  whereas  Com¬ 
munity  “D”  utilizes  the  trickling  filter 
process  (Table  1).  The  differences  in 
volume  of  sewage  treated  approximate 
the  differential  in  population  numbers. 
In  both  communities  industrial  wastes 
comprised  less  than  10  per  cent  of  the 
daily  flow.. 

Investigation  of  the  socioeconomic 
status  of  the  two  populations  revealed 
similar  profiles  as  residential  communi¬ 
ties  although  there  were  differences  in 
population  size  A  diagrammatic  descrip¬ 
tion  of  the  respective  treatment  plants 
and  sampling  points  (S.P.)  is  shown 
in  Figure  1. 

The  method  of  obtaining  samples  for 
virus  study  was  similar  to  the  gauze  pad 
technic  described  by  MacCallum  et  a!  * 
A  five-pound  lead  weight  was  wired  to 
one  end  of  the  gauze  pad  and  a  length 
of  wire  to  the  other.  The  pad  and  weight 
were  then  lowered  into  the  sewage  flow 
at  specific  points,  the  other  end  wired 


securely  to  a  support  and  left  for  three 
or  four  days.  Sampling  points  were 
the  influent  and  final  effluent  of  each 
plant  and,  in  the  case  of  the  activated 
sludge  process  plant,  before  the  chlo¬ 
rination  contact  chamber. 

Samples  were  collected  before  mass 
immunization  and  then  at  three-  and 
four-day  intervals  for  21  days  with  a 
follow-up  specimen  collected  56  days 
after  immunization. 

A  booster  immunizing  dose  was  pro¬ 
vided  on  December  8,  1963,  with  similar 
numbers  of  residents  of  the  communities 
under  study  participating.  Samples  were 
again  collected  prior  to  administration 
of  booster  vaccine  and  at  three-  and  four- 
day  intervals  for  a  ten-day  period.  In 
this  sample  period  specimens  were  also 
collected  from  the  receiving  stream  one- 
half  mile  below  the  discharge  from  the 
trickling  filtration  plant  on  the  sixth  and 
tenth  dav  after  immunization. 

I’pon  collection,  pads  were  placed  in 
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Table  I — Suranwrr  uf  experimental  conditions 


Community 

“A” 

Community 

“D" 

Population 

2,400 

14300 

Number  immunized 

1300 

8,000 

Per  cent  population 

vaccinated 

54.0% 

56.0% 

Treatment  process  at  plant 

Activated  sludge 

Trickling  filter 

Daily  flow 

241,000  GPD 

1,000,000  GPD 

Retention  lime  (total) 

15.0  hr 

6.3  hr 

Discharge  temperature  (avg) 

5P*F 

58°F 

Chlorination  i 

concentration 

2  ppm 

0 

contact  period 

45  min 

0 

Phase  I 

Total  precipitation* 

(October  13-November  2) 

0.4  in. 

Temperature*:-  mean 

60.5*F 

mean  range 

52.8-04.3°  F 

Phase  II 

Total  precipitation* 

(December  8-17) 

0.68  in. 

Temperature*:  mean 

13.3°  F 

mean  range 

3.4-23.1° 

F 

•  Data  fro»  US  Waatbar  Burtsu,  O'Hara  Fiald,  Cblrtfvi,  H). 


final  effluent  chlorination  whereas  Com¬ 
munity  “D”  utilizes  the  trickling  filter 
process  (Table  1).-  The  differences  in 
volume  of  sewage  treated  approximate 
(he  differential  in  population  numbers. 
In  both  communities  industrial  wastes 
comprised  leas  than  10  per  cent  of  the 
daily  flow. 

Investigation  of  the  socioeconomic 
status  of  the  two  populations  revealed 
similar  profiles  as  residential  communi¬ 
ties  although  there  were  dif?"rences  in 
population  sire  A  diagramma'ic  descrip¬ 
tion  of  the  retpective  treatment  plants 
and  sampling  points  (S.P.)  is  shown 
in  Figure  1. 

The  method  of  obtaining  samples  for 
virus  study  was  similar  to  the  gauze  pad 
technic  described  by  MacCallum  et  a!  * 
A  five-pound  lead  weight  was  wired  to 
one  end  of  the  gauze  pad  and  a  length 
of  wire  to  the  other..  The  pad  and  weight 
were  then  lowered  into  the  sewage  flow 
at  specific  points,  the  other  end  wired 


securely  to  a  support  and  left  for  three 
or  four  days.  Sampling  points  were 
the  influent  and  final  effluent  of  each 
plant  and,  in  the  case  of  the  activated 
sludge  process  plant,  before  the  chlo¬ 
rination  contact  chamber. 

Samples  were  collected  before  mass 
immunization  and  then  at  three-  and 
four-day  intervals  for  21  days  with  a 
follow-up  specimen  collected  56  days 
after  immunization. 

A  bcoster  immunizing  dose  was  pro¬ 
vided  on  December  8,  1963,  with  similar 
numbers  of  residents  of  the  communities 
under  study  participating.  Samples  were 
again  collerted  prior  to  administration 
of  booster  vaccine  and  at  three-  and  four- 
day  intervals  for  a  ten-day  period.  In 
this  sample  period  specimens  were  also 
collected  from  the  receiving  stream  one- 
half  mile  below  the  discharge  from  the 
trickling  filtration  plant  on  the  sixth  and 
tenth  dav  after  immunization. 

I’pon  collection,  pails  were  placed  in 
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plastic  bags  and  inserted  into  wide- 
mouthed  freezer  jars  and  delivered 
within  or.e  and  one-half  hours  to  the 
laboratory.  The  samples  were  stored  at 
-20°  C  until  processed  for  tissue  cul¬ 
ture  inoculation.  At  that  time  the  pads 
were  thawed  and  approximately  100  ml 
of  fluid  expressed  from  each.  The  fluids 
were  centrifuged  at  1,000  rpm  for  ten 
minutes  and  2  ml  of  supernatant  was 
diluted  with  18  ml  of  Friedman’s  mainte¬ 
nance  media  (GYL)10  and  inoculated 
into  monolayers  of  primary  monkey 
kidney  tissue  culture  prepared  in  32-oz 
bottles.  The  admixture  was  allowed  to 
adsorb  to  the  tissue  culture  for  two 
hours  and  then  decanted.  All  sheets  then 
were  washed  and  drained  with  Hank’s 
balanced  salt  solution  and  then  over- 
layed  with  40  ml  of  media  199.  These 
bottles  were  incubated  at  36°  C  and 


observed  daily  for  cytopathic  evidence. 
Parallel  bottle  cultures  of  H.Ep-2  cell 
monolayers  were  similarly  prepared. 
When  cytopathic  effect  involved  the  en¬ 
tire  monolayer,  the  cultures  were  quick 
frozen  and  stored  at  -70°  C  for  virus 
identification  by  neutralization  test  with 
type  specific  poliovirus  antisera. 

Results 

The  results  of  poliovirus  isolation  at¬ 
tempts  are  shown  in  Table  2.  It  can  be 
observed  that  no  viruses  were  recovered 
from  the  sewage  of  either  community 
prior  to  the  initial  mass  immunization. 
After  immunization,  varying  combina¬ 
tions  of  the  three  types  of  poliovirus 
were  isolated  from  the  influents  of  both 
treatment  plants  for  at  least  as  long  as 
56  days. 


Figure  1 — Sewage  treatment  facilities  of  two  Illinois  communities,  1963.  (Official  U.  S. 
Navy  photograph) 
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Table  2 — Effect  of  sewage  treatment  on  recovery  of  poliovinu  using  both  rhesus 
monkey  kidney  and  H.Ep-2  culture  systems 


Sampling  day  relative  to 
immunization  day 

(initial  vaccination  October  13,  1963) 

Booster  vaccination 
December  6,  1963 

Sample  source 

(—4)  Of 

(3) 

(6) 

(10) 

(13) 

(17) 

(20) 

(-1) 

(56)  0t 

(3) 

(59) 

(6) 

(62) 

(10) 

(66) 

Activated  sludge 
(Community“A”) 

Influent 

0 

1,11. 

Ill 

II, III 

II 

III 

III 

II, III 

II, III 

IM1I 

III 

III 

Effluent 
without  Cl, 

0 

III 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Effluent 
with  Cts 

0 

II 

II 

0 

0 

0 

0 

0 

0 

0 

0 

Trickling  filter 
(Community  “D") 

Influent 

0* 

I, II, 
III 

I 

I 

I.III 

I 

I 

I 

Mil 

MI. 

Ill 

Mil 

Effluent 

<)• 

I, II. 
Ill 

ND 

III 

III 

MI, 

III 

II, III 

MI, 

III 

III 

Mil 

Mil 

Receiving  stream 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

II 

III 

•  Coauia*  n»*  mihUi  ImUim. 
ND  Nel  4—. 

t  D«y  «f  liliiil  fidlMtUih 
!  Day  of  fcooottr  fMflMtWi. 


Poliovirus  Type  I,  except  during  the 
initial  sampling  period,  is  absent  from 
all  subsequent  influent  samples  taken 
from  Community  "A,”  whereas  Type  II, 
except  for  the  initial  sample  and  one  in¬ 
stance  during  the  booster  sampling  pe¬ 
riod,  is  absent  from  all  other  influent 
samples  taken  from  Community  “D." 
However,  this  virus  is  recovered  from 
later  samples  of  effluent  and  thus  the 
discrepancy  appears  to  be  due  to 
sampling  variation.  Poliovirus  Type  III 
persists  in  influent  samples  taken  from 
both  communities. 

Of  main  interest  is  the  disappearance 
of  polioviruses  from  the  effluent  taken 
from  the  activated  sludge  treatment  plant 

III 


(Community  “A”)  within  six  days  fol¬ 
lowing  immunization,  where  no  such  ef¬ 
fect  could  be  noted  following  sewage 
treatment  by  trickling  filtration  (Com¬ 
munity  “D”), 

Chlorination  of  treated  effluent  of 
Community  “A”  did  not  appear  to  affect 
the  recovery  of  poliovirus.  It  can  be 
noted  also  that  po'iovi  ruses  Types  II 
and  III  were  recovered  one-half  mile 
downstream  from  the  discharge  of  the 
tricrJing  filter  plant. 

Table  3  compares  the  isolation  of 
poliovirus  types  in  H.Ep-2  and  monkey 
kidney  cell  cultures  It  can  be  observed 
that  Types  13  and  III  were  more  often 
isolated  in  H.Ep-2  than  in  monkey  kid- 
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Table  3 — (  «> in  pa  ri  mi  n  of  iMilalion  culture 
syitenu:  sensitivity  of  rhesus  monkey 
kidney  (primary)  and  H.Ep-2  to  the 
growth  of  poliovirus  by  type  from 
sewage  samples 


Poliovirus 

RMK 

H.Ep-2 

type 

(only) 

(only) 

Both 

I 

8 

3 

6 

II 

1 

10 

7 

III 

5 

11 

12 

Nonpolio* 

2 

0 

0 

Negative 

6 

3 

21 

•  Not  included 

in  total. 

ney  cells,  whereas  the  latter  are  more 
sensitive  for  Type  I  virus  isolation. 

Oiscustion 

The  effect  of  sewage  treatment  on 
virus  survival  has  been  the  subject  of  sev-. 
eral  investigations.4'®  Moreover,  a  study 
of  poliovirus  recovery  after  sewage 
treatment  following  mass  oral  poliovirus 
immunization  was  recently  reported  by 
Askew,  et  al.u 

As  confirmed  in  this  study,  all  of  these 
investigators  found  that  the  activated 
sludge  process  was  superior  to  other  con¬ 
ventional  secondary  sewage  treatment 
methods  in  regard  to  removal  of  polio¬ 
virus.  Our  investigation  was  designed 
to  provide  a  sewage  sampling  program 
whereby  a  simultaneous  (omparison  of 
these  two  different  treatment  processes 
could  be  made  soon  after  administration 
of  live  poliovirus  vaccine..  It  was  fortu¬ 
nate  that  just  prior  to  the  initial  immu¬ 
nization  no  polioviruses  were  found  in 
the  effluent  of  either  plant  whieh  might 
have  obscured  the  fate  of  excreted  vac¬ 
cine  virus. 

It  is  readily  observed  that  the  acti¬ 
vated  sludge  process  prevents  virus  de¬ 
tection  within  three  to  six  days  after 
initial  vaccine  virus  administration,  al¬ 
though  virus  shedding  was  observed  to 


continue  for  at  least  56  days.  These 
findings  were  confirmed  after  a  second 
(booster)  immunization  was  conducted. 

1  he  mechanism  of  virus  removal  has 
been  attributed  to  either  biological  an¬ 
tagonism8  or  physical  adsorption.4  Al¬ 
though  no  definitive  data  is  presented 
here,  it  would  appear  likely  that  the  lat¬ 
ter  explanation  has  the  greater  merit, 
as  indicated  by  the  work  of  Roe- 
heck,  et  al.12 

One  unusual  aspect  of  this  serial 
study  is  the  virtual  absence  of  Type  I 
poliovirus  from  Community  “A,”  (Table 
2)  three  days  after  vaccine  administra¬ 
tion.  Similarly  a  deficiency  of  recovery 
of  Type  II  viruses  was  observed  in 
Community  “D.”  The  data  do  not  indi¬ 
cate  sufficiently  whether  these  discrepan¬ 
cies  are  the  result  of  random  sampling 
variation,  prior  immunological  experi¬ 
ence,  or  viral  interference.  The  ef¬ 
fect  of  chlorination  on  inactivation 
of  poliovirus  has  been  the  subject  of 
numerous  investigations.8  Although  com¬ 
parative  observations  were  not  available 
during  our  study  (as  chlorination  was 
provided  only  in  the  activated  sludge 
process  plant)  at  the  time  of  initial 
heavy  viral  input  poliovirus  was  de¬ 
lected  despite  this  procedure  (Table  2). 

Tin  results  indicate  that  it  is  im¬ 
portant  to  consider  the  design  of  sewage 
treatment  systems  in  terms  of  their  abil¬ 
ity  to  remove  viruses,  as  well  as  for 
bacterial  and  other  pollutional  com¬ 
ponents,  in  older  to  reduce  the  dissemi¬ 
nation  of  viral  diseases,  This  is  especially 
important  when  a  new  sewage  treatment 
plant  is  contemplated  or  when  an  en¬ 
largement  or  addition  is  needed.  In  our 
study  it  was  observed  that  the  trickling 
filtration  process  was  inferior  to  the 
activated  sludge  process  in  the  removal 
of  polioviruses.  The  trickling  filtration 
plant  released  virus  in  sufficient  quantity 
to  be  detected  as  far  as  one-half  mile 
downstream  from  the  point  of  discharge 
and  on  the  basis  of  these  findings  would 
appear  to  offer  inadequate  public  health 
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protection  ui  regard  to  removal  of 
viruses  from  sewage. 

Summary  and  Conclusions 

Activated  sludge  sewage  treatment  protest 
was  round  to  be  far  ,-nperior  to  tricklm, 
filtration  for  remora)  of  tuvulcnt  oral  polio¬ 
viruses. 

2.  Ksc.retion  of  such  viruses  was  observed  to 
continue  for  at  le.st  5T>  days  after  vaccina- 
lion. 

5  Considerable  v:. nation  in  recover)'  of  virus 
Types  I  and  H  was  observed  in  the  two 
different  populations. 

4.  Chlorination  did  not  eliminate  vims  re¬ 
covery. 
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